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EXPERIMENTAL INVESTIGATION OF BEWAVIOUR OF A TYPICAL RIVETED 
FINITE JOINT 
M a  Subba Rao* and Ramesh Chandra* 
SUMMARY 
The behaviour o f  a  t y p i c a l  f i n i t e  r i v e t e d  j o i n t  under s imple 
t e n s i l e  loading is exper imenta l ly  inves t iga ted .  Four types  of 
specimens  are t e s t e d  to f i n d  out t h e  e f f e c t  of r i v e t  s i z e  and 
c o n f i g u r a a t i o n  on joint s t r e n g t h .  I t  is observed, that the r ive t  
s i z e  and c o n f i g u r a t i o n  do not  have s i g n i f i c a n t  effect on j o i n t  
s t r n g t h ,  since t h e  j o i n t  strenqth is mainly c o n t r o l l e d  by t he  
bending s t r e s s e s ,  It is a l s o  observed that the finite width of 
the hinge  p l a t e - b r i n g s  a d d i t i o n a l  f o r c e s  i n t o  j o i n t  region which 
causes l a t e r a l  bending of t h e  joint. 
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F i n i t e  r iveted j o i n t s  are used in many engineexing % i t u a t i o n s  
L i k e  nose cone akkachment with fuselage, csnopy attachment w i t h  
the fuselage in airesafk and nose radome attachwen& w i t h  the 
c e ~ t r a 8  seek ion  in pods, Bere a typical joint between nose 
radoae and central  s ec t ion  is pod s t ructure  has been t a k e n  Z0.r an 
experimental investigation oB its behaviour under inplane 
Zaading, POP e f f i c i e n t  design of t h i s  type sf joint and groper 
selection of materials fo r  v3rious components of the joint, the 
role and bchavisxr of each component of t h i s  -joi~t has t o  be 
knom ~ B e a ~ l y ~  The joint behawiour caw be determined by 
conducting tests on coupon specialens os by tkaecs~etieal ana lys i s  
&sing f i n i t e  elemewk methodslFEH1, Tbes~esieal analysis of this 
type  sf joint even by FEH is fairly complicated and needs 
validation by e x p e ~ i x ~ e n t a l  methods, Heace, experimental 
inveselgation on csapon specimens is chosen here, The role of 
t h i s  joint is $0 transfer &be nose radome Haads to the central 
section, This load is n o t  transfesred along the eotirss 
ci~cumference of t h e  radome, Ht is t ransferred at 3 points in a 
finite width, The typical load transfer points are shown in 
F i g m P ,  The special beb.aviour of this joint comes from this load 
r~ansfer at a finike nu&ea of paints in a f i n i t e  w i d t h  at each 
point, Ia this investigation, the load carrying capabilities sf 
j o i n t  specimens 2s experimentally determined,  The dependence of 
j o i n t  s t r e n g t h  on the  rivet  size and c o n f i g u r a t i o n  is a i s o  
investigates, In all, twelve joint specimens consisting sf four  
different rivet configu~ations are fabricated and tested, 
TweHeve strain gauges are fixed on each specimen, Uniaxial 
tensile tests are conducted on these specimens in 250 KN Servo 
Hydraulic Cornpkier Cmtrolled Instroh Testing Machine, The 
response 0% strain gauges are monitored with the h e l p  0% multi 
channel data logging system. The test results indicate that the 
bending stresses are predominant and play a crucial role in load 
transfer from radome to the central section of pod, 
2, FABRICATION OF J O I N T  SPECIMENS 
The joint specimen consists of the following parts: 
1. Glass-epoxy sheetr 2. Aluminium stiffener 
3 .  EN 24 hinge plate and 4 ,  Aluminium rivets 
The details of the stiffener and joint specimen are indicated in 
Figs.2 and 3 respectively, Hinge plate, stiffener and composite 
sheet are jointed together by means of rivets as shown in Fiq,3, 
E glass epoxy sheet is fabricated using Q.18 mm plane weave woven 
fabric and high temperature curing epoxy system(LY 556 and HT 
972). The fabrication technique simulates the pressure bag 
moulding technique, usually used in the fabrication of radomes, 
The curing schedule is as follows: 
Pressure = 0.689 MPa (100 psi) 
Temperature = 120 deg, 
Time = 3 hours 
Fibre orientation and stacking sequence of twelve layers of woven 
fabric, required to give 2 mm thickness which is a t y p i c a l  
thickness used for radome fabrication, 
The rivets selected here are used after t h e  hea& treatrijeaat, which 
is as follows: 
Soaking the rivets at 495 deg. for 35 minute, quenching in the 
water at 20 dego and spirit dig before cold storage. 
Welve specimens of faux different types are fabricated. The 
different configurations age shown in Figs 4 to 7. These 
different configurations are selected with the view of studying 
t h e  influence of rivet size and cofiguration on joint strength, 
Hence only these parameters age varied in the different joint 
specimens, That is: the adherends (composite sheetastiffener and 
hinge platelare not changed from specimen to specimen, Also the 
attachment details of composite sheet and the stiffener is 
maintained constant in a19 the specimens* This is because the 
hinge plate ~egion is considered to be the critical portion sf 
the joint, Fig.4 shows the Type #l"oint specimen, Pig-5 shows 
type ' 2 '  specimen where rivets of lower diameter are used in one 
row Fig,$ shows type 0 3 a  specimen where rivets of Bower diameter 
are used in two rows. Fig.7 shows type '4bspecimen where a 
different configuration of ~ivets is used, 
3 ,  TESTING AND RESULTS 
Fig,8 indicates  the joint specimen with additional end fixture 
Ior applying uniaxial tensile load through pin loading. Fig.9 
shows the photograph of t h e  specimen w i t h  the end f ixtures.  Tke 
spec imens  with the help of this fixture were tested in 250 K N  
Instran testing machine, Fig.10 shows t h e  photograph a f  the 
specimen when it i s  mounted on t h e  testing machiwe,Th~ee 
r e p l i c a t e  specimens were tested f o r  each type. 
All the specimens were s t r a i n  gauged to study t h e  response of 
j o i n t  under Isad, Figell shows t h e  position sf 12 strain gauges- 
In type 'PB f a i l u r e  i n  all t h e  t h r e e  specimens occurred " - *  
cracking sf the composite s h e e t  a long  the Power row of ~ivets, 
This is shown in F i g s ,  12 and 22 ,  
There is a considerable amount o f  bending i n  this joint a t  hinge 
plate due ta e c c e n t r i c i t y  of loading as shown in F i g - 1 3 ,  
V a r i a t i o n  o f  strains w i t h  applied l oad  is shown i n  P i g s  1 4  and 
15- I n  t h e  absence  of bending, t h e  surface s t r a i n  a t  l o s i t i o n  2 
(Fig-151 will be higher than t h e  one a t  p o s i t i o n  4, In t h e  
present s i t u a t i o n  where bending is e x i s t i n g ,  the surface strains 
r e c o r d e d  a r e  t h e  superposition of tensile strains and bending 
strains, At position 2, the bending being maximum, the 
c o m p r e s s i v e  s t r a i n  due t o  bending is  quite high and as a result, 
the net surface t e n s i l e  strain is q u i t e  low, Whereas on the 
opposite side of composite s h e e t ,  where no s t r a i n  gauges could be 
mounted, t h e  bending w i l l  g i v e  t e n s i l e  strain and hence s u r f a c e  
strain a t  p o s i t i o n  2 will be much higher, r e s u l t i n g  i n  t h e  
tensile failure of the sheet, I t  i s  c o n j e c t u r e d  t h a t  c ~ a c k  
i n i t i a t e d  on this side and propaga ted  a c r o s s  t h e  thickness of t h e  
s h e e t  to the o t h e r  s i d e ,  This o b s e r v a t i o n  is confirmed by 
behaviour of s t r a i n  a t  p o s i t i o n  2 a t  higher load,  It i s  noted 
from Pig.15 t h a t  t h e  s t r a i n  a t  p o s i t i o n  2 s ta r t s  increasing 
beyond a va lue  of load near t o  failure. 
Since t h e  f a i l u r e  is very sudden t h e  f a i l u r e  s t r a i n  a t  t he  gauge 
no,2 could no t  be recorded, Because of t h e  bending e f f e c t ,  even 
though s t r a i n  a& gauge no.2 is Bess than t h e  s t r a i n  a t  gauge no,4, 
t he  f a i l u r e  occurred a t  gauge noe2 loca t ion .  
In  Fig.lb,geometry of t h e  specimen type '1' before  and a f t e r  t e s t  
is shown, It  can be c l a r l y  seen a t  t h e  cracked XocationfX-XI, 
t h a t  r i v e t  heads a r e  r o t a t e d  such t h a t  on one side it pierced 
into t h e  plate and t h e  o t h e r  s i d e  it l i f t e d  from t h e  surface,  
confirming t h e  above d i scussed  bending behaviour. The hinge 
p l a t e  is i l s o  sub jec t ed  t o  l a r g e  bending s t r a i n s ,  t h i s  can be 
e a s i l y  no t i ced  from t h e  f a c t ,  t h a t  a l l  t h e  s t r a i n  gauges f ixed  on 
the  hinge p l a t e  were showing compressive s t r a i n s  i n  t h e  e n t i r e  
load range, 
Apart %son t h i s ,  t h e  joint is a l s o  sub jec ted  t o  large compressive 
stress perpendicu la r  t o  t h e  load ing  d i r e c t i o n  i n  t h e  same plane. 
A l l  the t e s t e d  specimens were permanently deformed a t  t h e  hinge 
s ide .  ! After  the test ,al l  t h e  aluminium s t i f f e n e r s  were deformed 
t o  a curved p l a t e  (Fig.24) This  i s  t h e  genera l  behaviour of the  
j o i n t  specimens i n  all t h e  4 types.  F igs  17 and 18 g ive  the  
. s t r a i n s  a t  var ious  l o c a t i o n s  near t h e  hinge plate of  type 2 
' epecimen. I n  type  3 specimen f a i l u r e  is not  i n  composite p la te .  
The specimen f a i l e d  because of  shear ing  of r i v e t s ,  The t yp i ca l  
s t r a i n s  a t  var ious  l o c a t i o n s  near  t h e  hinge plate of  specimen 
type 3 a re  given i n  F i g s ,  19 and 20. Unlike i n  F i g , 1 3 ,  the 
s t r a i n  a% gauge no.% near f a i l u r e  does not  r i se  sharply, T h i s  
confirms t h e  e a r l i e r  observation. Figss21 and 22 g i v e  typica l  
s t ra ins  i n  type 4 specimen. Among t h e  specimens where f a i l u r e  is 
in composite sheet ,  Qpe-4 has g i v e n  the least failure load.  
T h i s  is because of the  type of r i v e t  configurat ion,  which 
decreases  the section modulus of composite s h e e t  by ~ e s t r i e t i n g  
the width  sf the bending zone, This causes more bending s t r a i n s  
f o r  the same bending moment and hence resul ts  i n  Power f a i l u r e  
load. 
Table l gives  t h e  maximum, minimum and average f a i l u r e  load for  
each type sf specimen, Except type 3 specimen a l l  t h e  other 
specimens f a i l e d  at 2700 Kg, app~oximateLy* Th i s  is because 
bending s t r a i n s  a r e  more predaminent. mong all t h e  
c o n f i g u r a t i o n s ,  Wpe-2 is having s l i g h t l y  higher f a i l u r e  load, 
and less s c a t t e r .  
Following observations are  made from t h e  t e s t  r e su l t s :  
I. The presence of s t i f f n e r  plate  is causing more e c c e n t r i c i t y  in 
loading and hence more bending, The main purpose of the 
s t i f f e n e r  plate is t o o  r e s i s t  the  l a t e r a l  bending. 
2. The failure of j o i n t  i n  composite sheet is n o t  net sect ion 
fa i lu re .  T h i s  is because of t h e  f a c t  t h a t  t he  reduction i n  
diameter of r i v e t s  t o  increase t h e  net section area did not 
r e s u l t  i n  increase i n  fa i lure  load. 
MS 7 
3, As there is considerable bending in % h e  joint, the f a i l u r e  i s  
pxedoninatiy controlled by bending  stresses and h e n c e  t h e  
rivet conf igurak isns considered here d o  not i n f l u e n c e  %he 
f a i l u r e  load,  
1% is nated  that the s t i f f e n e r  plate has uadergsne 
permanent deformatio~ due to l a t e r a l  bending  of joint, 
prom t he  present study, suggetions for improving the  Saint 
d e s i g c  are  mentioned belo%: 
The makerial of the stiffener s h o u l d  be cf high modulus and 
h i g h  s t r e n g t h ,  
2. The t h i c k n e s s  of szlffener sI.ox?d be as s ~ a l . ' ,  as ,sossibie 
3 ,  %he ~ateria5 sf h i n g e  p la te  should $ 1 ~  of h igh  szx~ngth and 
l o w  modulus and t h e  thickness of hiage plate s b ~ ~ ~ ' ?  be low, 
4. Composite sheet s h o u l d  be as thin as poasib2.e end l a t e ~ a l  
sttcength of t h e  sheet shou ld  be h i g h ,  
5. The number ot r i v e t s  at t h e  bottom row of h i a g e  p l a t e  should 
be more, 
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'I' SPECIMEN 
F6.15. STRAINS AT VARIOUS LOCATIONS FOR TYPE ' 1 '  
SPECIMEN 

F16. 17. TYPICAL STRAINS AT VARIOUS LOCATIONS FOR 
TYPE '2' S PEClMEN 

FIG. IS. TYPICAL STRAINS AT VARIOUS LOCATIONS FOR 
TYPE '3' SPECIMEN 
FlG.20. TYPICAL STRAINS AT VARIOUS LOCATIONS FOR 
TYPE '3' SPECIMEN 
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